Introduction {#s1}
============

Gastric cancer is the second most common cause of cancer-related deaths, and nearly 1 million new cases are diagnosed worldwide each year \[[@B1]\]. The overall survival rate is not significantly improved, although early diagnosis and therapeutic treatments are in development. This is in part due to incomplete understanding of mechanism underlying tumorigenesis and metastasis of gastric cancer.

Signal transducer and activator of transcription 3 (STAT3) is a transcription factor, which can be activated by tyrosine phosphorylation in response to growth factors and cytokines (i.e., interleukin \[IL\]-6). IL-6, which originally was characterized as a B cell differentiation-inducing cytokine, is a cytokine that play important roles in a plethora of biological functions including inflammation, plasmacytoma genesis, immunoglobulin production by mediating cell growth, cell proliferation, and cell survival \[[@B2]-[@B4]\]. Depending upon the cell type, IL-6 has the ability to act through different classic protein kinase pathways, including mitogen activated protein kinase (MAPK) and phoshatidylinositol-triphosphate kinase (PI-3 kinase) \[[@B5]\]. IL-6 binds to the IL-6 receptor (IL-6R), which associates with gp130, therefore activates transcription factors STAT1 and STAT3, via the Janus-associated kinase (JAK), leading to severe unexpected consequences in neoplastic growth \[[@B6],[@B7]\]. Upon activation, STAT3 rapidly translocates into nucleus, and binds to recognition sequence in the promoter of target genes (e.g., cyclin D1, Bcl-2, Bcl-xL, matrix metalloproteinases and vascular endothelial growth factor \[VEGF\]), thereby increasing their transcription \[[@B8]-[@B10]\]. All these target genes are implicated in regulation of cell survival, angiogenesis, immune evasion, and inflammation in tumor microenvionment.

STAT3 activation contributes to growth stimulation, anti-apoptosis, and angiogenesis, which is signiﬁcantly associated with inflammation, immunity, and oncogenesis \[[@B7],[@B11],[@B12]\]. Consequently, constitutive activation of STAT3 is responsible for a variety of human cancers, including ovarian cancer, breast cancer, leukemia, prostate cancer, head and neck cancer, and pancreatic cancer \[[@B13]-[@B17]\]. Blockade of the JAK/STAT3 signal may inhibit the growth of human cancers \[[@B17]\]. Recently, STAT3 has been demonstrated to play a pivotal role in the maintenance of gastric cancer cells survival \[[@B18]-[@B22]\]. Constitutive activation of STAT3 is predictive of poor prognosis in human gastric cancer \[[@B23]-[@B25]\]. However, it still remains unknown how activated STAT3 via interleukin (IL)-6-type cytokine signaling associates with T lymphocyte alteration during the progression of human gastric cancer. The purpose of this study was to determine whether IL-6/STAT3 signaling pathway associates with T lymphocyte changes, and correlates with the progression of human gastric cancer.

Materials and Methods {#s2}
=====================

Patients, Experimental Design and Treatment {#s2.1}
-------------------------------------------

This investigation complies with the regulations stipulated by Anhui Medical University Ethical Committee, which follows the protocol outlined in WMA Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects. All patients were screened and treated for the purpose of the study at the Affiliated Hospital of Anhui Medical University, Hefei, China,and signed an informed consent form. The human ethics guidelines in the clinical research project No. kj2011Z210 (Grants from Educational Commission of Anhui Province, China, PI: Dr. Zhengguang Wang) was discussed and approved by the Human Ethics Committee in the First Affiliated Hospital of Anhui Medical University on March 25, 2011. All enrolled patients underwent total or subtotal gastrectomy. After surgery, each patient received four cycles or more of chemotherapy (chemotherapy regimens: FOLFOX4 program).

Eligible patients were adults (18 years old to 75 years old) with biopsy-confirmed gastric adenocarcinoma, who had previously completed at least four cycles of chemotherapy. According to a random procedure (1:1 ratio) into the research, all patients had normal hepatic, renal and bone marrow function (described as white cell count ≥3.5 × 10^9^ cells/L, platelets ≥80×10^9^ cells/L, total bilirubin ≤ 2 × Upper Limit of Normal, hemoglobin ≥9.0 g/dL and creatinine ≤170 µmol/L), and ECOG performance status between 0-2. Patients were excluded for serious disorders, peripheral neuropathy (NCI-CTC1 level and above), pregnancy, or breast-feeding. Patients that had verified distant metastases were excluded.

Clinical Monitoring {#s2.2}
-------------------

Responses of curative therapy were evaluated by immune function at, before and after each treatment. Cancer patient's quality of life score out of 60 points, where a poor quality of life was less than 20 points, and poor for 21 to 30 minutes, usually for 31 to 40 points, good for 51 to 60 minutes.

Serum samples {#s2.3}
-------------

Peripheral serum (5 ml) was collected before treatment and postoperative week 1 as well as after a month. Serum was centrifuged at 2000 rpm per min for 10 minutes, and the upper fluid (serum) was collected.

Determination of serum cytokines {#s2.4}
--------------------------------

All blood samples without EDTA were centrifuged immediately, and then supernatants were all stored at −80°C until assayed. The serum concentrations of human IL-10, IL-6 and VEGF were quantified by an enzyme-linked immunosorbant assay (ELISA) according to the manufacturer's instructions. The kits of IL-10, IL-6 and VEGF were provided by R&D Systems (R&D Systems, CA).

Determination of T lymphocyte subsets {#s2.5}
-------------------------------------

T lymphocyte subsets in blood were determined using a flow cytometer \[[@B26],[@B27]\]. The identification of T-cell subsets were based on the expression of CD3, CD4, and CD8, Briefly, 100 µl of EDTA anti-coagulated blood was incubated with 20 µl of relevant monoclonal reagent containing anti-CD4-FITC, anti-CD8-PE, and anti-CD3-PE-Cy5 (Beckman Coulter), followed by adding 2 ml of erythrocytes lysis solution. Samples were protected from light at room temperature for 10 min. Leukocyte cell surface integrity was maintained by a gentle, no-wash erythrocyte lysing method. The mixture was centrifuged at 4 °C for 12000 rpm/min for 5 min and the supernatant was removed. The cell pellets were washed with phosphate-buffered saline (PBS) solution and collected by centrifugation. Finally, the sample was resuspended in 1 ml of PBS, and measured with a FACSCalibur™ flow cytometer. The sample acquisition and analysis were obtained by flow cytometer and a fully automated software-reagent combination.

Immunohistochemistry {#s2.6}
--------------------

Sections (5 µm thick) of formalin-fixed, paraffin-embedded primary gastric specimens from gastrectomy were stained with an anti-STAT3 antibody (STAT3 F-2: sc-8019, Santa Cruz Biotechnology, Santa Cruz, CA, USA) \[[@B22],[@B25]\]. The levels of VEGF, survivin, and IL-6 in the gastric samples were determined by an anti-VEGF antibody (1:100 dilution; Santa Cruz Biotechnology), an anti-survivin antibody (1:100 dilution; Santa Cruz Biotechnology), and an anti-IL-6 antibody (1:50 dilution; Santa Cruz Biotechnology), respectively. Negative controls were tissue sections immunostained with nonspecific IgG antibody. Specific antibody staining was visualized using a diaminobenzidine substrate kit. The slides were observed under a bright-field microscope. And then analyzed the integral optical density (OD) value of all images, relative protein expression levels were quantiﬁed densitometrically and expressed in the mean optical density (MOD) units.

Western blot analysis {#s2.7}
---------------------

Whole tissue lysates were prepared from human gastric tissues with RIPA buffer. Western blotting was performed using an anti-IL-6, anti-VEGF, anti-survivin, anti-STAT3 and phosphorylated STAT3 (Tyr705) antibodies (Santa Cruz Biotechnology, Santa Cruz, CA) \[[@B22]\]. Proteins were detected using the enhanced chemiluminescence system according to the manufacturer's instructions (Tanon 4500, Shandong Aibo technology Co., China). Equal loading of the sample was determined by quantitation of protein as well as by reprobing membranes for β-actin as a housekeeping protein.

Statistical analysis {#s2.8}
--------------------

Data were expressed as mean±SD. All statistical analysis was performed in SPSS 15.0 software package. The comparison of multiple groups were analyzed with one-way analysis of variance (ANOVA) followed by LSD test and Dunnett test. *P*\<0.05 was considered statistically significant.

Results {#s3}
=======

Demographic characteristics of patients {#s3.1}
---------------------------------------

Eight one patients were recruited for the study, and 10 cases were withdrawn due to failure of follow up and death. As shown in [Table 1](#pone-0075788-t001){ref-type="table"}, forty six patients were male and twenty five patients were female. By the T value, 8 cases were included in T1, 12 cases in T2, 7 cases in T3, and 54 cases in T4. Histopathological observations showed 62 cases exhibited regional lymph node invasion and 9 cases hade no lymph node metastasis. According to TNM staging, 5 patients were classified as stage I, 7 patients as stage II, 8 patients as stage III and 51 patients as stage IV.

10.1371/journal.pone.0075788.t001

###### Demographic characteristics of the 71 gastric patients.

                                      n    Percentage
  ----------------------------------- ---- ------------
  Sex                                      
  Male                                46   64.8
  Female                              25   35.2
  Age (years)                              
  \<50                                15   21.1
  ≥50                                 56   78.9
  Primary tumor site                       
  Gastric cardia                      33   46.5
  Gastric antrum                      17   23.9
  Gastric body                        19   26.8
  Gastric fundus                      2    2.8
  Diameter of tumor                        
  \<5 cm                              24   33.8
  ≥5 cm                               47   66.2
  Adenocarcinoma                           
  Moderately differentiated           23   32.4
  Poorly differentiated               48   67.6
  T stage                                  
  T1                                  8    9.9
  T2                                  12   14.8
  T3                                  7    8.6
  T4                                  54   66.7
  TNM stage                                
  I                                   5    7.0
  II                                  7    9.9
  III                                 8    11.3
  IV                                  51   71.8
  Lymph node metastasis                    
  Present                             62   87.3
  Absent                              9    12.7
  Length of postoperative treatment        
  \<3w                                53   74.6
  ≥3w                                 18   25.4
  Extent of gastrectomy                    
  Total gastrectomy                   49   69.0
  Subtotal gastrectomy                22   31.0

Analysis of Serum Samples Quantifying IL-6, IL-10 and VEGF {#s3.2}
----------------------------------------------------------

In this study, 71 patients were eligible. Before and at the end of each surgery, the patients' serum samples were quantified for cytokine levels. In this study, the levels of IL-6, IL-10 and VEGF were quantified to determine any significant difference between cytokine concentrations in serum preoperatively and postoperatively. [Table 2](#pone-0075788-t002){ref-type="table"} showed significant reduction of cytokine concentration of IL-6, IL-10 and VEGF in postoperative serum samples as compared to preoperative levels (p\<0.05). The levels of these cytokines were further decreased in postoperative month 1 when compared with those in postoperative week 1 ([Table 2](#pone-0075788-t002){ref-type="table"}). These results suggest that the levels of IL-6, IL-10 and VEGF are reduced after gastrectomy.

10.1371/journal.pone.0075788.t002

###### Comparison of serum cytokine levels of IL-6,IL-10 and VEGF in gastric cancer patients.

  Variable               n    IL-6 (ng/L)        IL-10 (ng/mL)     VEGF (ng/L)
  ---------------------- ---- ------------------ ----------------- -------------------
  Preoperative           23   498.9±90.7         983.6±212.0       8347.8±1937.4
  Postoperative-week1    23   380.2±87.5^\*^     779.7±166.7^\*^   7011.3±2044.8
  Postoperative-month1   25   312.9±80.2^\*\*^   731.9±144.6^\*^   6275.5±2029.6^\*^

Data are mean ± SD. Compared with the preoperative group,^\*\ \*^P\<0.01,^\*^P\<0.05.

Analysis of T-Cell Subsets in Patients and Controls {#s3.3}
---------------------------------------------------

The percentages of T-cell subsets were analyzed in blood of a cohort of gastric cancer patients before and after gastrectomy using flow cytometry. We found that percentages of T-cell subsets (CD3^+^, CD4^+^), and CD4^+^/CD8^+^ ratio as well as NK cells were significantly increased after postoperative-week 1, which was further augmented in postoperative-month 1 as compared to those before gastrectomy ([Table 3](#pone-0075788-t003){ref-type="table"}). However, the percentage of CD8^+^ was decreased at 1 month after removal of gastric cancer ([Table 3](#pone-0075788-t003){ref-type="table"}). These results indicate that the immune state is improved after removal of gastric cancer.

10.1371/journal.pone.0075788.t003

###### Comparison of T lymphocyte subsets during different time in gastric cancer patients.

  Variable               n    CD3^+^ (%)       CD4^+^ (%)       CD8^+^ (%)     CD4^+^/CD8^+^   NK
  ---------------------- ---- ---------------- ---------------- -------------- --------------- ----------------
  Preoperative           23   50.5±6.4         31.6±7.2         27.8±7.3       1.1±0.6         26.9±8.1
  Postoperative-week1    23   54.3±7.6         36.8±8.1^\*^     24.3±8.4       1.5±0.9^\*^     30.4±9.3
  Postoperative-month1   25   62.6±5.4^\*\*^   42.1±6.3^\*\*^   22.5±7.9^\*^   1.9±0.8^\*\*^   34.2±7.9^\*\*^

Data are mean ± SD. Compared with the preoperative group, ^\*\*^P\<0.01, ^\*^P\<0.05.

Expression and cellular distribution of IL-6, survivin STAT3, and VEGF in gastric cancer tissues {#s3.4}
------------------------------------------------------------------------------------------------

The expression and cellular distribution of IL-6, survivin, STAT3 and VEGF in gastric tissues and adjacent normal mucosa of patients with gastrectomy were examined using immunohistochemical staining. It was found that the expreesion of STAT3 was increased in the foci of gastric cancer tissues as compared to its weak expression of STAT3 in adjacent normal mucosa ([Figure 1](#pone-0075788-g001){ref-type="fig"}). The STAT3 staining was mainly localized in the nuclei of gastric cancer cells. Similarly, the expression of IL-6, surviving and VEGF was also highly increased in gastric cancer tissues as compared to those in adjacent normal mucosa ([Figure 1](#pone-0075788-g001){ref-type="fig"}).

![Expression of STAT3 in human gastric cancer tissues.\
The expression and localization of STAT3, IL-6, VEGF, and survivin in gastric cancer cells were determined using immunohistochemical staining. There was weak or negative expression of STAT3 in adjacent normal mucosa. However, there was strong expression of phosphorylated STAT3 in gastric cancer tissues. The STAT3 staining was mainly localized in the nuclei of tumor epithelial cells, which was indicated by numerous yellowish granules. STAT3 overexpression was associated with with increased expression of IL-6, surviving, and VEGF as well as with increased vessel density (Original magnification of A1-A3 and B1-B3, ×400; A4 and B4, ×200)..](pone.0075788.g001){#pone-0075788-g001}

To further conﬁrm the increased expression of STAT3, p-STAT3, IL-6, survivin and VEGF in gastric cancer tissues, we also performed western blotting to determine their levels using anti-STAT3, anti-phosphorylated STAT3 (Tyr705), anti-IL-6, anti-survivin, anti-VEGF antibodies, respectively. As expected, a single band was observed using each antibody ([Figure 2A](#pone-0075788-g002){ref-type="fig"}), and the protein levels of IL-6, survivin, STAT3, p-STAT3 and VEGF in human gastric cancer tissues were all significantly higher than those in adjacent normal mucosa tissues (all P\<0.001, [Figure 2B](#pone-0075788-g002){ref-type="fig"}). These results implicate that IL-6/ STAT3 signals are activated in gastric cancer tissues.

![Western blot analysis of protein expression of IL-6, p-STAT3, survivin, STAT3, and VEGF.\
Protein levels of IL-6, Survivin, p-STAT3, STAT3, and VEGF in normal gastric and tumor tissue were determined using western blotting. Beta-actin was a loading control. Relative protein expression of IL-6 (A), VEGF (B), surviving (C), p-STAT3 (D) was normalized to of the corresponding beta-actin level. Positive immunoreactive bands were quantiﬁed densitometrically and expressed as IL-6, Survivin, p-STAT3, STAT3, and VEGF in optical density units, respectively. \* P\<0.01 tumor tissues versus normal gastric tissues by one-way ANOVA with post-hoc Tukey's tests.](pone.0075788.g002){#pone-0075788-g002}

IL-6/STAT3 activation correlated with TNM stage in gastric cancer {#s3.5}
-----------------------------------------------------------------

As shown in [Table 4](#pone-0075788-t004){ref-type="table"}, the increased expression of STAT3 by immunohistochemistry was significantly correlated with the TNM stage of gastric cancer. Similarly, the percentage of IL-6, surviving, and VEGF expression was significantly increased in higher TNM stage as compared to low TNM stage of gastric cancer ([Table 4](#pone-0075788-t004){ref-type="table"}). These results demonstrate that activation of IL-6/STAT3 pathway is associated with TNM stage of gastric cancer.

10.1371/journal.pone.0075788.t004

###### Correlation between STAT3, survivin, IL-6, VEGF expression and TNM stages in gastric cancer patients.

                            STAT3        *P* value   Survivin   *P* value   IL-6   *P* value   VEGF         *P* value                               
  ------------------------- ------------ ----------- ---------- ----------- ------ ----------- ------------ ----------- --------- ------------ ---- ---------
  Normal gastric tissue     4 (13.3%)    26                     9 (30%)     21                 3 (10%)      27                    2 (6.7%)     28   
  Gastric cancer tissue I   2 (40%)      3                      4 (80%)     1                  1 (20%)      4                     3 (60%)      2    
  II                        5 (71.4%)    2           P\<0.05    7 (100%)    0      P\<0.05     4 (57.1%)    3           P\<0.05   5 (71.4%)    2    P\<0.01
  III                       7 (87.5)     1                      6 (75%)     2                  7 (87.5%)    1                     7 (87.5%)    1    
  IV                        46 (90.2%)   5                      51 (100%)   0                  47 (92.2%)   4                     44 (86.2%)   7    

Discussion {#s4}
==========

IL-6 and its downstream signals, such as STAT3, play essential roles in the process of inﬂammation and aberrant immunity as well as carcinogenesis \[[@B28]-[@B30]\]. STAT3 is activated for a few seconds or hours and then is deactivated to maintain homeostasis under normal circumstance. However, STAT3 activation continues, which triggers oncogene transcription under abnormal conditions \[[@B25],[@B31]\]. Accumulating evidence indicates increased expression and activation of STAT3 in human gastric carcinoma \[[@B18]-[@B25],[@B32]\]. It remains unclear whether increased IL-6/STAT3 activation correlates with aberrant immunity in the progression and invasion of gastric cancer. In the present study, we observed the levels of IL-6, IL-10 and VEGF in serum were significant decreased after removal of gastric cancer. This is associated with increased percentages of CD3^+^ and CD4^+^ T lymphocytes as well as NK cells. In addition, IL-6/STAT3 signals including surviving and VEGF were significantly augmented in gastric carcinoma tissues as compared to adjacent normal mucosa. Overall, our findings provide the first evidence that increased IL-6/STAT3 activation correlates with aberrant immunity, leading to the progression and invasion of gastric cancer.

IL-6 has been shown to enhance invasion of gastric cancer cells through sustained activation of STAT3 \[[@B33],[@B34]\]. This is consistent with our findings that IL-6 expression was markedly associated with STAT3, and they were both over-expressed in human gastric cancer. Weak expression of both IL-6 and STAT3 was found in adjacent normal mucosa. Increased VEGF and survivin expression due to highly activation of IL-6/STAT3, helps gastric cancer cells to grow faster and to promote distant metastasis \[[@B22],[@B35]-[@B37]\]. Removal of gastric cancer leads to the reduction of IL-6 and VEGF. This suggests that tumor microenvironment also plays an important role in activating IL-6/STAT3 pathway, which forms a vicious cycle to promote tumorigenesis and invasion.

Cancer immunesurveillance is an important process to eliminate tumor cells \[[@B38]\]. This is confirmed that increased number of T lympocytes in tumor tissues is significantly correlated with lower frequency of metastasis, recurrence and long survival, despite controversial reports exist \[[@B27],[@B39]\] \[[@B34]\]. However, tumors have an ability to escape immunesurveillance. IL-10 is one of the immunosuppressive cytokines, which is elevated in blood in advanced gastric cancer \[[@B40]-[@B42]\]. This leads to inability to eliminate tumor cells in tumor microenvironment. Indeed, gastric cancer cells themselves can secrete IL-10, which may explain its reduction in patients after removal of gastric cancer as compared to pre-operation in the present study. IL-10 has a dual effect on T lymphocytes and NK cells \[[@B42]-[@B44]\]. This is consistent with our findings that the number of T lymphocytes and NK cells are increased in circulation system of patients after removal of gastric cancer when compared to pre-operation. Our studies also support the notion that gastric cancer patients after postoperative-week 1 still have an imbalance in their T-cell subsets, but close to normal after postoperative-month 1. However, the expression of IL-10 and infiltration of T lymphocytes (e.g., CD3^+^, CD4^+^, CD8^+^) as well as their correlation within tumor tissues are not known, which needs further investigation.

It has been shown that STAT3 activation in tumor cells can mediate an immune response by inhibiting the activity of immune cells through inflammatory cytokines probably release from invading tumor tissue \[[@B12],[@B45]\]. Our data indicates that STAT3 signaling pathways play an important role in hastening immunologic tolerance. Most of the previous studies have reported that STAT3 activation in aggressive malignancies and other carcinomas is a negative prognostic factor. Our results have also demonstrated that a more aggressive clinical behavior of gastric cancer with activated STAT3, such as more frequent large vessel invasion, and lower rates of complete resectability. The roles of STAT3 in immune responses, tumor growth, and the reduction of T cell infiltration in cancer cells indicate a novel mechanism for this cellular factor \[[@B45],[@B46]\]. Activation of STAT3 was a marker of positive clinical behavior. These findings indicate that STAT3 may function as a regulator of gastric cancer due to its connection with IL-6. With these data in mind and other new studies on STAT3 signaling pathway, it is worth exploring a novel STAT3-targeted treatment for gastric cancer \[[@B47]-[@B49]\].

In conclusion, IL-6-induced activation of STAT3 is observed in neoplastic gastric tissue, which positively correlated with tumor progression. Moreover, IL-6 and STAT3 downstream signals such as IL-10 and VEGF were reduced in patients after removal of gastric cancer as compared to pre-operation, this was associated with recovery of T lymphocytes and NK cells in peripheral circulation in these patients. Therefore, inhibition of the IL-6/STAT3 signaling pathway may provide a new therapeutic strategy against gastric cancer.
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